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[57] 4 ABSTRACT 

An image data processing apparatus for processing 
image data in a pipe line fashion includes an access 
controller for selectively generating addresses and con 
trol data in synchronism with a memory cycle in re 
sponse to a start command, and for selectively and sepa= 
rate1y outputting the addresses onto address buses and 
the control data onto control buses. A plurality of mem 
ory planes selectively receive one address from one of 
the address buses, selectively receive one control data 
from one of the control buses, selectively output data 
stored at the received address onto one of the data buses 
in synchroni'sm with the memory cycle in accordance 
with the one type of control data, selectively execute a 
predetermined processing operation between data input 
from at least one data bus and data stored in the re 
ceived address, and selectively store a result of the 
processing operation at the received address, respec 
tively, a main processor, in accordance with a process 
ing command, outputs an access control command to 
the access control means and a plane control command 
to the plurality of memory plane means, and outputs a 
start command after completion of a setting operation. 

20 Claims, 13 Drawing Sheets 
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IhIAGE DATA PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to a bit map image data pro 
cessing apparatus provided with a plurality of bit map 
memory planes. 

Conventionally, a bit-map data processing apparatus 
using bit map memory planes, such as a bit map display 
apparatus, is generally constituted as illustrated in FIG. 
1. In the bit map data processing apparatus with such a 
structure, it is assumed that memory plane 11-1 is used 
for registering of character font data and memory plane 
11-2 is used for display. If the character font data is 
copied from memory plane 11-1 to memory plane 11-2 
(between planes), in a ?rst memory cycle a memory 
read operation is performed in memory plane 11-1 as a 
source plane, as shown in FIGS. 2A to 2C. Then, in a 
second memory cycle, a memory write operation is 
performed in memory plane 11-2 as a destination plane, 

7-1 0 

2 
cessing apparatus that can process image data in a pipe 
line fashion. This processing apparatus comprises: 

three address buses, two control buses, two data 
buses, a main control unit responsive to a processing 
command input thereto, for generating an access con 
trol instruction and a plane control instruction, and for 
generating a start instruction after the access control 
instruction and the plane control instruction are gener 
ated, an access control unit operating in synchronism 
with memory cycles and in response to the start instruc 
tion input thereto, for selectively and sequentially gen 
erating addresses each for one of a plurality of address 
regions to output each address onto one of the three 
address buses, in each memory cycle, and for selectively 
generating one or more control data to output each 

. control data onto one of the two control buses in each 

20 

as shown in FIGS. 2A to 2C. Transfer of image data of I 
one word is carried out in this manner, and the same 
transfer operation is executed for the subsequent image 
data. 
As should be clear from the above, even if the con 

ventional bit map data processing apparatus has a plu 
rality of memory planes, only one memory plane can 
function in a single memory cycle, so that data copying 
between planes undesirably requires two memory cy 
cles for transferring of one word. 

Recently, bit map data processing apparatuses should 
often perform a three-term calculation, namely, a logi~ 
cal operation between memory-resident data P0, image 
data P1 and image mask pattern P2. This three-term 
calculation is executed in the conventional bit map 
image data processing apparatus as shown in FIG. 3. 
Suppose that memory-resident data P0 is stored in mem 
ory plane 11-1, image data P1 in memory plane 11-2, 
and image mask pattern P2 in memory plane ll-n. In 
this case, a two-term calculation (an AND operation in 
an example shown in FIG. 3) between memory plane 
ll-n as a source plane and memory plane 11-2 as a desti 
nation plane is executed ?rst in the operation manner as 
illustrated in FIGS. 2A to 2C. Then, a two-term opera 
tion (an OR operation in the example of FIG. 3) be 
tween planes with memory plane 11-2 as the source 
plane and memory plane 11-1 as the destination plane is 
similarly executed. In this manner, according to the 
conventional bit map image data processing apparatus a 
three-term operation is realized by repeating a two-term 
operation at least twice. For a three-term operation of 
one word, therefore, four memory cycles are needed, 
thus delaying the processing speed. 
To overcome this problem, there is a system pro 

posed which sets an image mask pattern in a register or 
the like as a fixed value so as to eliminate the need to 
read out the image mask pattern from any memory 
plane. However, in this system the image mask pattern 
is restricted. In this respect, there is a strong and grow 
ing demand for an image data processing apparatus with 
a simple structure, which is capable of processing image 
data with a high speed. 

SUMMARY OF THE INVENTION 

With the above situation in mind, it is therefore an 
object of this invention to provide an image data pro 
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memory cycle, in accordance with the access control 
instruction input thereto, at least one of the addresses as 
a destination address being generated delayed by one 
memory cycle from the other at least one address as a 
source address, and a plurality of memory plane unit 
each having a memory unit, operating in synchronism 
with the memory cycles and in response to the start 
instruction input thereto, and set in one of an input 
mode, an output mode, and an alternate mode alternat 
ing between the input and output modes, in accordance 
with the plane control instruction input thereto, for 
selectively receiving one of the addresses as the source 
address from one of the three address buses and one of 
the control data from one of the two control buses, for 
reading out, from the memory unit, image data stored at 
the source address, to selectively output the readout 
image data onto one of the two data buses in a memory 
cycle next to a current memory cycle, in the output 
mode, for selectively receiving one of the addresses as 
the destination address from one of the three address 
buses, one of the control data from one of the two con 
trol buses and at least one image data from at least one 
of the two data buses, and for selectively executing a 
processing operation on the received image data and 
image data selectively read out from the destination 
address of the memory unit in accordance with the 
received control data, to store the executed result in the 
memory unit at the received address, in the input mode, 
in accordance with the plane control instruction. 
As described above, an image data processing appara 

tus according to this invention has a simple structure. 
Though simple in structure, this apparatus can output 
addresses in a pipe line fashion and can perform at a 
high speed adata transfer between planes that is needed 
in a copying process and a swapping process between 
two memory planes, a three-term calculation between 
three planes, etc. By making associated memory planes 
perform a read modi?ed write operation, it is unneces 
sary to delay a destination address by one memory cycle 
so that processing of one word can be executed in the 
same memory cycle. Therefore, the speed for the data 
transfer between planes is further improved, and the 
structure of an access controller can be simplified. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the structure of 
a conventional bit map image data processing appara 
tus; 
FIGS. 2A to 2C illustrate timing charts for explaining 

the operation of the apparatus shown in FIG. 1; 
FIG‘. 3 is a diagram for explaining the operation of a 

three-term calculation; 
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FIG. 4 is a block diagram illustrating the structure of 
a bit map image data processing apparatus according to 
the ?rst embodiment of this invention; 
FIG. 5A is a block diagram illustrating the structure 

of a memory plane shown in FIG. 4; 
FIG. 5B is a block diagram illustrating the structure 

of an arithmetic and logic unit (ALU) shown in FIG. 
5A; 
FIG. 5C is a diagram for explaining the operation of 

the ALU shown in FIG. 5B; 
FIG. 5D is a block diagram illustrating the structure 

of an access controller‘; 
FIG. 6 is a diagram for explaining execution of a 

three-term calculation according to the ?rst embodi 
ment; 
FIGS. 7A to 7G illustrate timing charts for explain 

ing the operation of the three-term calculation; 
FIG. 8 is a diagram for explaining execution of a 

three-term calculation according to the ?rst embodi 
ment when target regions of a source plane are the 
same; 
FIGS. 9A to 9F illustrate timing charts for explaining 

the operation of the three-term calculation; 
FIG. 10 is a diagram for explaining execution of a 

swapping process according to the ?rst embodiment; 
FIGS. 11A to 11E illustrate timing charts for explain 

ing the operation of the swapping process; 
FIG. 12 is a diagram for explaining execution of a 

copying process according to the ?rst embodiment; 
FIGS. 13A to 13E illustrate timing charts for explain 

ing the operation of the copying process; 
FIG. 14 is a diagram for explaining execution of a 

three-term calculation according to the second embodi 
ment; 
FIGS. 15A to 15F illustrate timing charts for explain 

ing the operation of the three-term calculation; 
FIG. 16 is a diagram for explaining execution of a 

three-term calculation according to the second embodi 
ment when 'target regions of a source plane are the 
same; 
FIGS. 17A to 17E illustrate timing charts for explain 

ing the operation of the three-term calculation; 
FIG. 18 is a diagram for explaining execution of a 

swapping process according to the second embodiment; 
FIGS. 19A to 19E illustrate timing charts for explain 

ing the operation of the swapping process; 
FIG. 20 is a diagram for explaining execution of a 

copying process according to the second embodiment; 
and 
FIGS. 21A to 21D illustrate timing charts for explain 

ing the operation of the copying process. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring to the accompanying drawings, a bit map 
image data processing apparatus according to this in 
vention will now be explained in detail. 
To begin with, referring to FIG. 4 the block structure 

of a bit map image data processing apparatus according 
to the ?rst embodiment of this invention will be ex 
plained below. 

Bit map memory planes 30-i (i= 1 to n) are coupled to 
system bus 22 and memory bus 50 that includes address 
buses 52a to 52c, control buses 53a and 53b and data 
buses 51a and 51b. The functions of memory planes 30-1‘ 
(i=1 to n), namely, an output mode for a read opera 

l0 

15 

20 

4 
set in accordance with a plane control instruction en 
tered from processor 21 through system bus 22. Mem 
ory plane 30-i (i=1 to it) stores image data or a pattern 
of chinese characters, symbols or the like. Memory 
plane 30-1~ (i=1 to n) reads out image data from the 
location speci?ed by an address input from an address 
bus and outputs it onto a data bus, in accordance with 
read control data input from the control bus in the out 
put mode. In accordance with write control data from a 
control buses, memory plane 30-1‘ (i=1 to it) stores 
image data input from a data bus at the location speci 
?ed by an address coming from an address bus. Further, 
in accordance with read modi?ed write (RMW) control 
data input from the control bus, memory planes 30-1‘ 
(i=1 to n) reads out image data from the location speci 
?ed by an address entered from an address bus, executes 
a processing operation on the readout image data and 
image data from the data buses and stores the result at 
the location speci?ed by the entered address. 

Display controller 42 reads out image data stored in 
. memory planes 30-i (i=1 to n) and displays it on a dis 
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tion, an input mode for a write operation or an alternate _ 
mode alternating between the input and output modes is 

play monitor 41 in accordance with a display control 
instruction input through system bus 22. Access con 
troller 60 controls access to memory planes 30-1‘ (i= 1 to 
n) in accordance with an access control instruction 
from system bus 22. This controller 60 outputs ad 
dresses onto the address buses and outputs control data 
onto the control buses. 
Host interface 23 is a communication interface be 

tween the bit map image data processing apparatus and 
a host computer or the like (not shown), and when an 
image data processing command is input, it transfers the 
command to processor 21 through system bus 22. In 
response to the image data processing command, pro 
cessor 21 outputs the access control instruction to con 
troller 60, the plane control instruction to memory 
planes 30-i (i= 1 to n) and the display control instruction 
to display controller 42. Then, processor 21 outputs a 
start instruction to controller 60 and memory planes 30-1‘ 
(i=1 to 11). 

Referring now to FIG. 5A, the block structure of 
memory plane 30-1’ (i=1 to n) will be explained in detail. 
In FIG. 5A multiplexer (MUX) 32-1’ is coupled to ad 
dress buses 52a to 52c while another multiplexer (MUX) 
33-1' is coupled to control buses 53a and 53b. MUXs 32-1‘ 
and 33-1‘ operate in synchronism with a memory cycle in 
response to a start instruction from processor 21. De 
coder 34-1‘ controls from which address bus MUX 32-1‘ 
should pass an address and from which control bus 
MUX 33-i should pass in control data, in accordance 
with the plane control instruction. 
Memory 31-i (i= 1 to n), which may be constituted by 

a RAM, has address input port ADDR receiving an 
address from MUX 32-1', control data input port CTRL 
receiving control data from MUX 33-1’ and data input 
/output port DATA, in synchronism with a memory 
cycle. In accordance with the read control data input to 
port CTRL from MUX 33-1‘ (i-1 to n), memory 31-1‘ (i= 1 
to it) reads out image data from the location speci?ed by 
an address input to port ADDR from MUX 32-1’ and 
outputs the data from port DATA onto the data bus 
through register 36-1‘ and driver 37-1‘. Also, in accor 
dance with write control data input to port CTRL from 
MUX 33-1, memory 31-1‘ (i=1 to it) stores image data 
input to port DATA from arithmetic and logic unit 
(ALU) 35-1’ (i=1 to n) at the location speci?ed by an 
address input to port ADDR from MUX 32-1‘. Further, 
in accordance with RMW control data input from 
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MUX 33-i (i=1 to 11), memory 31-!‘ (i=1 to n) reads out 
image data from the location speci?ed by an address 
input to port ADDR from MUX 32-i (i=1 to 11), out 
puts the data from the port DATA into register 36-i 
(i=1 to n), and stores a processing result input from 
ALU 35-1‘ (i=1 to n) at the location speci?ed by the 
address input to port ADDR. 

Control signal generator 39-i (i=1 to n) outputs a 
control signal to register 36-1‘ (i=1 ton) in accordance 
with the control data selected by MUX 33-i (i=1 to n) 
in synchronism with a memory cycle. Register 36-i 
(i=1 to n) controls the transfer of image data output 
from memory 31-i (i=1 to n), in accordance with the 
control signal from generator 39-i (i=1 to 11). When the 
control data is read control data, register 36-i (i= 1 to n) 
latches image data from memory 31-i (i=1 to n) and 
outputs it to driver 37-!’ (i=1 to n) in the next memory 
cycle in the output mode. When the control data is the 
RMW control data, register 36-1‘ (i=1 to n) latches 
image data read out from memory 31-i (i=1 to n) and 
outputs it to a right input terminal of ALU 35-i (i=1 to 
n), not to driver 37-1‘ (i=1 to 11) because of inhibition of 
an output, in the input mode. In accordance with the 
plane control instruction, decoder 38-i (i=1 to n) con 
trols to which data bus driver 37-1‘ (i=1 to n) should 
output image data from register 36-!‘ (i=1 to n). 
ALU 35-i (i=1 to n) has its left input terminal cou 

pled to data bus 510, its center input terminal to data bus 
51b and its right input terminal to register 36-1‘ (i=1 to 
n). ALU 35-1’ (i= 1 to n) can not receive image data from 
data bus 51a or 51b in the output mode. FIG. 5B illus 
trates the structure of ALU 35-i (i=1 to n). A calcula 
tion result is written into table 135-i (i=1 to n) as part of 
the plane control instruction output from processor 21 
in accordance with the image data process command. 
When data X and Y are input to ALU 35-1’ (i=1 to n) 
from data buses 51a and 51b and data Z input to the 
ALU ‘from register 36-i (i=1 to n) as selection data, a 
selector 1365i (i=1 to n) refers to table 135-i (i=1 to n) 
and outputs the calculation result W into memory 3l-i 
(i= 1 to 11). FIG. 5C illustrates an example of the calcu 
lation result stored in table 135-i (i=1 to n). In this 
example, for the sake of simplicity, the image data is 
1-bit data. The result of a three-term calculation, i.e. 
logic sum of data X and a logic product of data Y and 
data Z is stored in table 135-1‘ (i=1 to n). As should be 
obvious from FIG. 5C, the calculation result stored in 
table 135-1‘ (i=1 to n) may take 256 different forms. In 
this manner it is possible to set a left input through 
mode, a center through mode, or a right through mode 
in which the image data input to the left input terminal, 
the center input terminal, or the right input terminal is 
output to memory 31-i (i= 1 to n), a three-term calcula 
tion mode, etc. 

Driver 37-1‘ (i= 1 to n) outputs image data from regis 
ter 36-i (i=1 to 11) onto data bus 510 or 51b in accor 
dance with a control signal from decoder 38-i (i= 1 to n) 
in the output mode. However, driver 37-i (i= 1 to n) can 
not output image data onto data bus 510 or 51b in the 
input mode. Decoder 38-i (i= 1 to n) is set in accordance 
with the plane control instruction. 

Referring now to FIG. 5D the structure of access 
controller 60 will be explained. Controller 60 comprises 
address generators 62, 63 and 64 and transfer controller 
61. Transfer controller 61, which is coupled to control 
buses 53a and 53b and data bu'ses 51a and 51b, is set in 
accordance with the access control instruction from 
processor 21. Upon reception of a start instruction from 
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processor 21, controller 61 responds to a memory cycle, 
and outputs control data onto the control buses and a 
control instruction to address generators 62-64. These 
generators 62-64, which are respectively coupled to 
address buses 52a-52c, generate an address of a rectan 
gular region, on memory planes to be accessed, speci 
?ed by the accessv control instruction, in accordance 
with the control instruction from controller 61_. The 
each generated address is output onto the address bus 
speci?ed by the access control instruction. 

Referring to FIG. 6 and FIGS. 7A to 7G, the opera 
tion of the ?rst embodiment of this invention will now 
be explained with a particular case in which the content 
of a memory region A on memory plane 30-1, the con 
tent of another memory region B on memory plane 30-2 
and the content of another memory region C on mem 
ory plane 30-n are subjected. to a three-term calculation 
and the result is written into memory plane 30-n. 
When the three-term calculation command is input as 

the image data processing command, processor 21 out 
puts an access control instruction to access controller 
60. In address generators 63 and 64, object regions A 
and B for source memory read addresses to be gener 
ated are speci?ed in accordance with the access control 
instruction. In address generator 62 another object re 
gion C for destination memory write addresses to be 
generated is speci?ed according to the access control 
instruction. Transfer controller 61 is set by the access 
control instruction to output the RMW control data 
onto control bus 53a and the read control data onto 
control bus 53b. 
Decoders 34-i (i=1, 2, n) are set in accordance with 

the plane control instruction from processor 21 in such 
a way that memory planes 30-1, 30-2 and 30-n respec 
tively receive addresses from address buses 52b, 52c and 
52a and control data from control buses 53b, 53b and 
53a. Drivers 37-1’ (i= 1, 2) are controlled by decoder 38-i 
(i=1, 2) in accordance with the plane control instruc 
tion in such a way that memory planes 30-1 and 30-2 
output the image data read out from memories 31-1 and 
31-2 onto data buses 51a and 51b, respectively. Further, 
the result of the three-term, calculation is set in table 
135-n of ALU 35-n. In this manner all the memory 
planes except memory planes 30-1 and 30-2 are set in the 
output mode. Only destination memory plane 30-n is set 
in the input mode. The register group for specifying the 
readout inhibition/allowance and write inhibition/al 
lowance, though omitted in FIG. 5A, is actually pro 
vided in each memory plane 30-i (i=1 to n) and is con 
trolled by the plane control instruction from processor 
21. 
When the above setting operation is completed, pro 

cessor 21 outputs the three-term calculation start in 
struction to transfer controller 61 of access controller 
60 and to memory planes 30-1' (i= 1, 2, 11) through system 
bus 22. Controller 61 in turn outputs the control instruc 
tion to generators 62-64 so that the image data process 
ing is executed according to the timing charts shown in 
FIGS. 7A to 76.. 
More speci?cally, in the memory cycle T1 address 

generators 63 and 64 respectively generate source ad 
dresses for object regions A and B in accordance with 
the control instruction and output them onto address 
buses 52b and 520 in synchronism with a memory cycle, 
as indicated by FIGS. 7B and 7C. At the same time, as 
indicated by FIG. 76, the read control data is output on 
control bus 53b from controller 61. The addresses on 
address buses 52b and 52c are respectively supplied to 
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memory planes 30-1 and 30-2 and are selected by MUX 
32-1‘ (i= 1, 2) to be supplied to ports ADDR of memories 
31-i (i=1, 2). The read control data on control bus 53b 
is supplied through MUX 33-1‘ (i=1, 2) to ports CTRL 
of memories 31-i (i=1, 2) of memory planes 30-1 and 
30-2. As a result, in memory planes 30-i (i=1, 2) which 
are set in the output mode, image data is read out from 
memory 31-1' (i=1, 2) and held in registers 36-1‘ (i=1, 2). 

In the memory cycle T2, as indicated by FIGS. 7D 
and 7E, the image data held in registers 36-1‘ (i=1, 2) are 
output through drivers 37-1’ (i= 1, 2) onto data buses 51a 
and 5117. At the same time, the destination address for 
the object region C is output from generator 62 onto 
address bus 52a as indicated by FIG. 7A and the RMW 
control data is output from controller 61 onto control 
bus 530 as indicated by FIG. 7F. In memory plane 30-n 
that has been set in the input mode, image data is read 
out from the location speci?ed by the destination ad 
dress on address bus 52a, is held in register 36-11 and is 
output to the right input terminal of ALU 35-11, in the 
?rst half of memory cycle T2 in accordance with the 
RMW control data. ALU 35-11 are also supplied at its 
left input and center input terminals with the image data 
on data buses 51a and 51b. In the second half of memory 
cycle T2, the three-term calculation is performed be 
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tween these input image data. The calculation result is - 
stored in the location of memory 31-11 speci?ed by the 
destination address. 

In memory cycle T2, updated source addresses are 
output in a pipe line fashion onto address buses 52b and 
52c from address generators 63 and 64 and the read 
control data is outputonto control bus 53b from con 
troller 61, as indicated by FIGS. 7B, 7C and 7G. In 
memory planes 30-1' (i=1, 2), therefore, readout of the 
next image data is executed as described above. In this 
manner, the three-term calculation is executed in a pipe 
line fashion in synchronism with a memory cycle. 
Therefore, the operation speed is signi?cantly im 
proved as compared with the conventional image data 
processing apparatus. 
Although the three-term calculation is performed 

with image data being l-bit data in this example, the 
same calculation can be done with one-byte or one 
word image data if the capacity of table 135-11 is in 
creased. Further, control signal generator 39-1‘ (i=1 to 
11) operates based on the input control data; however, it 
is easy for those skilled in the art to design generator 
39-1‘ (i=1 to n) so as to be set in accordance with the 
plane control instruction. 

In the three-term calculation between three memory 
planes, when memory planes 30-1 and 30-2 serving as 
the source memory planes can use a common source 
address region, address generator 64 and address bus 
520 can be omitted. The three-term calculation in this 
case will be explained below referring to the operation 
explanatory diagram of FIG. 8 and the timing charts 
shown in FIGS. 9A to 9F. As an example that source 
memory planes 30-1 and 30-2 can use the common 
source address region, there is the case in which mem 
ory plane 30-2 is used exclusively for storing a drawing 
mask pattern and the drawing mask pattern can be read 
out only by some lower bits of the source address on 
address bus 52b for memory plane 30-1. If the size of the 
readout object region of memory plane 30-1 is 211 times 
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that of the drawing mask pattern, a reading operation of 65 
the mask pattern needs to be repeated 2n times. 

In such a case of the three-term calculation that mem 
ory planes 30-1 and 30-2 serving as the source memory 

planes can use a common source address region, access 
controller 60 and memory planes 30-i (i=1 to n) can be 
set in the above-described manner, but memory plane 
30-2 is set so as to receive the source address from ad 
dress bus 52b. Thus, in this case, the three-term calcula 
tion can also be executed in the already-described man 
ner as shown in FIGS. 9A to 9F. 
A swapping operation that exchanges image data 

between the object region D of memory plane 30-1 and 
the object region B of memory plane 30-2 will be ex 
plained with reference to the operation-explanatory 
diagram of FIG. 10 and the timing charts shown in 
FIGS. 11A to 11E. 
Upon reception of the swap processing command 

through host interface 23, processor 21 ?rst outputs an 
access control instruction to access controller 60. Ad 
dress generators 62 and 63 are set to respectively gener 
ate source/destination addresses for the object regions 
D and E in accordance with the access control instruc 
tion. Controller 61 is set so as to alternately output the 
write control data and read control data. 

Processor 21 further outputs the plane control in 
struction to memory planes 30-i (i= 1, 2). Decoders 34-1’ 
of memory planes 30-1 (i=1, 2) are set in accordance 
with the plane control instruction such that they receive 
addresses from address buses 52a and 52b and the con 
trol data from control bus 53a, respectively. Decoders 
38-i (i=1, 2) are set in accordance with the plane con 
trol instruction such that the image data from registers 
36-1‘ (i=1, 2) are output to data buses 51b and 5111. In 
addition ALU 35-1‘ (i=1, 2) in memory planes 30-1' (i= 1, 
2) are set in the left input through mode and center input 
through mode, respectively. Also, only memory planes 
30-1 and 30-2 of memory planes 30-1' (i=1 to n) are set 
in the alternate. 
When the above setting operation is completed, pro 

cessor 21 outputs the swapping start instruction to 
transfer controller 61 and memory planes 30-1' (i=1, 2). 
Controller 61 in turn outputs the control instruction to 
generators 62 and 63 based on the start instruction. In 
accordance with the control instruction, generators 62 
and 63 generate the source addresses for the object 
regions D and E and outputs the addresses onto address 
buses 52a and 5217, as indicated by FIGS. 11A and 11B, 
in the memory cycle T1. At the same time, controller 61 
outputs the read control data onto control bus 530 as 
indicated by FIG. 11E. Therefore, addressed image 
data are read out from memories 31-i (i=1, 2) of mem 
ory plane 30-i (i=1, 2) in response to the start instruc 
tion and the read-out image data are held in registers 
36-1‘ (i= 1, 2). 

In the memory cycle T2, the image data held in regis 
ters 36-1‘ (1: 1, 2) are output onto data buses 51b and 5111 
as indicated by FIGS. 11C and 11D. At this time, since 
the write control data is output onto control bus 53a 
from controller 61 as indicated by FIG. 11E, memory 
planes 30-1' (i=1, 2) input the image data on data buses 
51a and 51b to the left input and center input terminals 
of ALU 35-1‘ (i=1, 2) and store the input image data at 
the locations of memories 31-1' (i= 1, 2) that are speci?ed 
by the destination addresses on address buses 52a and 
52b, respectively. 

In the memory cycle T3, updated addresses are out 
put on address buses 52a and 52b as indicated by FIGS. 
11A and 11B. Meanwhile the read control data is output 
on control bus 53a from controller 61. The swap pro 
cessing of the image data on the regions D and E can be 
executed in two memory cycles per word by executing 
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the same processes as have been done in the memory 
cycles T1 and T2 as the addresses are updated. 
A copy processing for copying the content of object 

region F on memory-plane 30-1 to object region G on 
memory plane 30-2 will now be explained referring to 
the operation-explanatory diagram of FIG. 12 and the. 
timing charts shown in FIGS. 13A to 13E. 
When the copy processing command is input to host 

interface 23, this command is transferred to processor 
21, which in turn outputs an access control instruction 
to access controller 60. Address generator 62 is set so as 
to generate the source memory read address for the 
object region F in accordance with the access control 
instruction. Address generator 63 is set so as to generate 
the destination memory write address for the object 
region G in accordance with the access control instruc 
tion. Transfer controller 61 is set so as to output the read 
control data onto control bus 53a and the write control 
data onto control bus 53b. 

Processor 21 outputs a plane control instruction to 
.- memory planes 30-1 and 30-2. Decoders 34-1‘ of memory 
planes 30-i (i=1, 2) are set in accordance with the plane 
control instruction such that MUX 32-i (i=1, 2) of 
memories 31-i (i=1, 2) receive source and destination 
addresses from address buses 52a and 52b and MUX 33-i 
(i=1, 2) receive the read and write control data from 
control buses 53a and 53b. Further, decoder 38-1 is set 
in accordance with the plane control instruction such 
that driver 37-1 outputs the image data from register 
36-1 onto data bus 51a. In addition, ALU 35-2 is set in 
the left input through mode in accordance with the 
plane control instruction. Only source memory plane 
30-1 of memory planes 30-i (i= 1 to n) is set in the output 
mode, and only memory plane 30-2 is set in the input 
mode, in accordance with the plane control instruction. 
When the above setting operation is completed, pro 

cessor 21outputs>the copy start instruction to transfer 
controller 61 of access controller 60 and memory planes 
30-i (i= 1, 2) through system bus 22. Controller 61 then 
outputs the read control data onto control bus 530 as 
indicated by FIG. 13D in memory cycle T1 and outputs 
the control instruction to generators 62 to 63. In accor 
dance with the control instruction, generator 62 gener 
ates the source memory read address for object region F 
and outputs the address onto address bus 520 as indi 
cated by FIG. 13A. Image data is read out from the 
source address and is latched in register 36-1 in memory 
plane 30-1, in response to the start instruction. 

In memory cycle T2, the image data held in register 
36-1 is output onto data bus 51a through driver 37-1 as 
indicated by FIG. 13C. At this time, the write control 
data is output onto control bus 53b from controller 61 as 
indicated by FIG. 13E and the destination address for 
object memory region G is output on address bus 52b 
from address generator 63, as indicated by FIG. 13B. 
Therefore, memory plane 30-2 inputs the image data on 
data bus 51a to the left input terminal of ALU 35-2. 
Since ALU 35-2 is set in the left input through mode, 
the input image data is supplied to port DATA of mem 
ory 31-2. This image data is stored at the location speci 
?ed by the destination address. At this time, the next 
source address is output on address bus 520 from gener 
ator 62 as indicated by FIG. 13A. In this manner, the 
copying of one-word image data between memory 
planes 30-1 and 30-2 is executed in a pipe line fashion for 
each memory cycle. 
The block structure of a bit map image data process 

ing apparatus according to the second embodiment of 
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10 
this invention will now be explained. The second em 
bodiment is almost similar in structure to the ?rst em 
bodiment shown in FIGS. 4 and 5A to 5D. Differences 
lie in register 36-i (i=1 to n) and transfer controller 61. 

Control signal generator 39-i (i=1 to n) outputs a 
control signal to register 36-i (i=1 to n) in accordance 
with the control data selected by MUX 33-1‘ (i=1 to n). 
Register 136-!‘ (i=1 to n) controls the transfer of image 
data output from memory 31-i (i = 1 to n), in accordance 
with the control signal from generator 39-i (i=1 to a). 
When the control data is the RMW control data, regis 
ter 36-i (i=1 to 11) passes image data read out from 
memory 31-i to driver 37-i (i= 1 to n) in the ?rst half of 
a memory cycle in accordance with the control signal. 
In the second half of the memory cycle, the read out 
image data is latched by register 36-i (i=1 to n) and 
output to driver 37-i (i=1 to n) in accordance with the 
control signal. Further, in accordance with the control 
signal register 36-1' (i= 1 to n) outputs the latched image 
data to ALU 35-i (i=1 to n). In accordance with the 
plane control instruction, decoder 38-!‘ controls to 
which data bus driver 37-i (i=1 to n) should output 
image data from register 36-i (i= 1 to n). Memory plane 
30-i (i = 1 to n) is set in the input mode, the output mode, 
or a input/output mode, in which the input mode and 
the output mode both are allowed, in accordance with 
the plane control instruction. 

Transfer controller 61 is set in accordance with the 
access control instruction from processor 21. Controller 
61 outputs the control instruction so that the destination 
address and the source address are output simulta 
neously in a pipe line fashion, in accordance with the 
start instruction from processor 21. 

Referring to FIG. 14 and FIGS. 15A to 15F, the 
three-term operation of the second embodiment of this 
invention will now be explained. In this case, the con 
tent of a memory region A on memory plane 30-1, the 
content of another memory region B on memory plane 
30-2 and the content of another memory region C on 
memory plane 30-n are subjected to a three-term calcu 
lation and the result is written into memory plane 30-n. 
When the three-term calculation command is input as 

the image data processing command, address generators 
62-64 and decoders 34-i (i=1, 2, n) of memory planes 
30-i (i=1, 2, n) are set in the same manner as is done in 
the three-term calculation in the ?rst embodiment. 
Transfer controller 61 is set to output the RMW control 
data on control bus 53a, in accordance with the access 
control instruction from processor 21. ALU 35-i (i=1, 
2, n) are respectively set to the right input through 
mode, the right input through mode and the three-term 
calculation mode in accordance with the plane control 
instruction. Memory planes 30-i (i= 1, 2, n) are set in the 
output mode, the output mode and the input mode in 
accordance with the plane control instruction, respec 
tively. 
When the above setting operation is completed, pro 

cessor 21 outputs the three-term calculation start in 
struction to transfer controller 61 of access controller 

I 60 and memory planes 30-i (i=1, 2, n) through system 
bus 22. Controller 61 in turn outputs the control instruc 
tion to generators 62-64 so that the image data process 
ing is executed according to the timing charts shown in 
FIGS. 15A to 15F. 
More speci?cally, in the memory cycle T1 address 

generators 62, 63 and 64 respectively generate a destina 
tion address for the object region C and source ad 
dresses for object regions A and B in accordance with 
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the control instruction and output them onto address 
buses 52a, 52b and 520 as indicated by FIGS. 7A to 7C. 
At the same time, as indicated by FIG. 7F the RMW 
control data is output on control bus 53a from control 
ler 61. The addresses on address buses 52a, 52b and 52:: 
are respectively supplied to memory planes 30-n, 30-1 
and 30-2 and are selected by MUX 32-1‘ (i=n, l, 2) to be 
supplied to ports ADDR of memories 31-i (i=n, 1, 2). 
The RMW (read modi?ed write) control data on con 
trol bus 53a is selected by MUX 33-1‘ (i=1, 2, n) to be 
supplied to ports CTRL of memories 31-i (i=1, 2, n). 
The selected RMW control data is also supplied to 
generator 39=i (i=1, 2, n). 

In the ?rst half of the memory cycle T1, in memory 
planes 30-i (i=1, 2, 11), image data are read out from 
memories 31-i (i=1, 2, n) and are output to registers 36-i 
(i= 1, 2, n). The image data read out from memories 31-i 
(i=1, 2) are supplied to data buses 51:: and 51b through 
drivers 37-i (i= 1, 2) as indicated by FIGS. 15D and 15E 
since memory planes 30-1 and 30-2 are set in the output 
mode. The image data read out from memory 31-n is not 
output onto any data bus because of the input mode. 

In the second half of the memory cycle T1, the image 
data read out from memory 31-1‘ (i= 1, 2) are latched by 
registers 36-i (i=1, 2) and are kept supplied to data 
buses 51a and 51b through drivers 37-1 (i=1, 2). Since 
memory planes 30-i (i=1, 2) are both set in the right 
input through mode, the image data are written in mem 
ory 31-1’ (i=1, 2) without varying. In memory plane 
30-n, the image data on data buses 51a and 51b are re 
spectively supplied to the left input terminal and the 
center input terminal. The right input terminal of ALU 
35-n is supplied with the image data from register 36-n. 
Therefore, the three-term calculation on these image 
data can executed. The calculation result is stored at the 
location of memory 31-n speci?ed by the destination 
address on address bus 524. In this manner, the three 
term calculation can be executed faster in the second 
embodiment’ than is done in the ?rst embodiment. 
Although the three-term calculation is performed 

with image data being l-bit data in this example, the 
same calculation can be done with one-byte or one 
word image data if the capacity of table 135-n is in 
creased. Further, the operation of control signal genera 
tor 39-1' (i= 1 to n) operates in accordance with the input 
control data, however, the operation of -the generator 
39-i (i= 1 to 11) may be set in accordance with the plane 
control instruction. 
The three-term calculation between memory planes 

in the case of the source address being used commonly, 
will now be explained referring to the operation 
explanatory diagram of FIG. 16 and timing charts FIG. 
17A to 1715. 

In the three-term calculation between three memory 
planes, when memory planes 30-1 and 30-2 serving as 
the source memory planes can use a common source 

address, access controller 60 and memory planes 30-i 
(i=1, 2) are set in the aforementioned manner, with 
memory plane 30-2 being set so as to receive the source 
address from address bus 52b. The three-term calcula 
tion can be executed in the same manner as has been 
done in the ?rst embodiment. 
A swap operation between memory planes that ex 

changes image data between object memory region D 
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of memory plane 30-1 and object memory region E of 65 
memory plane 30-2 will now be explained with refer 
ence to the operation-explanatory diagram of FIG. 18 
and the timing charts of FIGS. 19A to 19E. 

12 
Upon reception of the swap processing command 

through host interface 23, processor 21 ?rst outputs the 
access control instruction to access controller 60. Ad 
dress generators 62 and 63 are set to respectively gener 
ate source/destination addresses for object memory 
regions D and E in accordance with the access control 
instruction. Transfer controller 61 is set so as to alter 
nately output the RMW control data onto control bus 
53a. ‘ 

Processor 21 further outputs the plane control in 
struction to memory planes 30-i (i= 1, 2). Decoders 34-1' 
(i= 1, 2) of memory planes 30-1 (i= 1, 2) are set in accor 
dance with the plane control instruction such that they 
receive addresses from address buses 52a and 521:. De 
coders 38-!’ (i= 1, 2) are set in accordance with the plane 
control instruction in a manner that it causes drivers 37-1‘ 
(i=1, 2) to output image data to data bus 510 or 51b. In 
addition ALU 35-!’ (i= 1, 2) in memory planes 30-i (i= 1, 
2) are set in the left input through mode and the center 
input through mode, respectively. Only memory planes 
30-1 and 30-2 are set in the input/ output mode, in accor 
dance with the plane control instruction. 
When the above setting operation is completed, pro 

cessor 21 outputs the swap start instruction to transfer 
controller 61 and memory planes 30-1 and 30-2. Con 
troller 61 in turn outputs the control instruction to gen 
erators 62 and 63 in accordance with the start instruc 
tion. In accordance with the control instruction, gener 
ators 62 and 63 generate the source addresses for object 
regions D and E and output the addresses onto address 
buses 52a and 5211, as indicated by FIGS. 19A and 1913, 
in the memory cycle T1. At the same time, controller 61 
outputs the RMW control data onto control bus 530 as 
indicated by FIG. 19E. Therefore, in the ?rst half of the 
memory cycle T1, memory planes 30-i (i= 1, 2) read out 
image data from memories 31-i (i=1, 2) and the read 
out image data are output through registers 36-!’ (i= 1, 2) 
to data buses 51a and 51b shown in FIGS. 19C and 
19D. 

In the second half of the memory cycle T1, the image 
data are held in registers 36-!‘ (i= 1, 2) and the held data 
are output onto data buses 51b and 51a as indicated by 
FIGS. 19C and 19D. At this time, since the RMW con 
trol data is output onto control bus 530 from controller 
61 as indicated by FIG. 19E, memory planes 30-i (i=1, 
2) input the image data on data buses 51a and 51b to the 
left input and center input terminals of ALU 35-1‘ (i=1, 
2) and store the input image data at the locations of 
memories 31-1’ (i=1, 2) that are speci?ed by the sour 
ce/destination addresses on address buses 52a and 52b. 

In the subsequent memory cycle, the same operation 
is repeated while updating the addresses to execute the 
swap processing. In this manner, the swap processing in 
the second embodiment can be executed with a speed 
twice as fast as is realized in the first embodiment. 
Copy processing for copying the content of object 

memory region F on memory plane 30-1 to another 
object memory region G on memory plane 30-2 will 
now be explained, referring to the operation-explana 
tory diagram of FIG. 20 and the timing charts of FIG. 
21A to 21D. 
When the copy processing command is input to host 

interface 23, this command is transferred to processor 
21, which in turn outputs the access control instruction 
to access controller 60. Address generator 62 is set so as 
to generate the memory read source address for object 
memory region F in accordance with the access control 
instruction. Address generator 63 is set so as to generate 










